
CHEMISTRY OF ETHYLENEIMINE 

III. Reaction of N-Aminoethyleneimine  with the Simplest  Aliphatic Aldehydes and Acrolein* 

S. A. Hi l ler ,  A. V. Eremeev,  and M. Yu. Lidak 

Khimiya Geterots ikl icheskikh Soedinenii,  Vol. 6, No. 1, pp. 3 -7 ,  1970 

UDC 547.717: 541.67:543.422.4 

The mechan i sm of the react ion of N-aminoethylene imine  with some aliphatic aldehydes and with acrole in  
have been studied. It has been shown that the reac t ion  takes place at the earbonyl  bond C~O with the fo rma-  
tion of hydrazones .  

Two of us previously showed that in the react ion of e thyleneimine with aliphatic aldehydes the t rue  react ion prod- 
ucts are d iaz i r id inomethane  der iva t ives  and not hydroxymethylethyleneimines  [2-4]. 

The p resen t  work was devoted to a study of the react ion of aliphatie aldehydes with N-aminoethyleneimine  (I), the 
molecule of which, while p rese rv ing  the main  proper t ies  of the s imples t  n i t rogen-conta in ing heterocycle ,  acqui res  a 
number  of in te res t ing  new proper t ies  charac te r i s t i c  for an amino group conjugated with the heteroeycle  as a whole [5]. 

Of course ,  the react ion of aldehydes with I will take place differently from that with e thyleneimine [2,3], s ince I 
can be regarded as an analog of an unsymmet r i ca l ly - subs t i t u t ed  hydrazine.  In actual fact, in this case the main r eac -  
tion products  a re  the hydrazones I I - IV.  

H C |1 R = CH3; 
2 IX )  N - N = C H R  I I I  R = C2H~; 

I'I~ C /  IV R = Call ~ 
l l - l V  

The s t ruc ture  of I I - IV was shown by e lementa ry  analyses  and PMR spect ra .  The IR spect ra  of these compounds 

H2C. 
contain cha rac te r i s t i c  f requencies  of the HC~-N group (1650 cm-*) and of the t ~/N group (3010, 3080 ore-l).  
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Fig.  1. Chromatogram of the products  of 
the t r ans fo rmat ion  of e thyl ideneaminoeth-  
y leneimine:  If) e thyl ideneaminoethylene-  

imine;  2) acetaldehyde azine.  

Compounds I I - IV are  co lor less  l iquids readi ly  soluble in ether,  ethanol, and water ,  possess ing  the cha rac t e r -  
is t ic odor of the corresponding aldehydes. Compounds I I - IV are  more  stable than I, but on storage they undergo ce r -  
tain changes,  the main  indication of which is  the appearance of a ye l low-green colorat ion.  By means of gas- l iquid  ehro-  

*For par t  II, see [1]o 



matography we have succeeded in showing that this change leads to the formation of a new compound. Thus, in par t icu-  
la r ,  for II a peak appears  (Fig. 1) which charac te r izes  the presence  of fract ion 2 in the mix ture .  The la t ter  was isolated 
by prepara t ive  gas- l iquid  chromatography.  The IR spect rum of fract ion 2 exhibits a s trong absorption band at 1645- 
1650 cm -1 which is  cha rac te r i s t i c  for a C~--N bond, and also cha rac te r i s t i c  f requencies  at 1445-1475, 1220, 1270, 1275, 
and 975-920 cm -1. The la t te r  apparent ly a re  due to the formation v ibra t ions  of a CH3 group and to the planar  and non- 
planar  v ibra t ions  of a CH-~-N group. At the same t ime,  the resu l t s  of e lementa ry  analys is  and a de terminat ion  of the 
molecular  weight of the " impuri ty"  component 2 show that the la t te r  is  an i somer  of compound II. This makes is pos-  
sible to assume that II i somer i ze s  into acetaldehyde azine (V) with a possible  convers ion into 5-methylpyrazol ine  (VI) [6]. 

:i) 2 N - - N = C H - - C H  3 - -  H 3 C - - C H = N - - N ~ C H C H  3 ~ I ~] 
C H 3 - - H C . . N  

2 N . 
II V VI H 

The i somer iza t ion  of II into V is apparent ly  facil i tated by the p resence  of the pecul ia r ly  hybridized ni t rogen atom 
(sp 2'3) in the e thyleneimine r ing,  which explains the par t ia l ly  azine nature  of II. The es tab l i shment  of the true s t ruc ture  
of the substance of fraction 2, i . e . ,  to make a choice between the proposed s t ruc tu res  V and VI, is possible by means  
of the PMR spec t rum.  The la t te r  contains a CH~ doublet (8.18 ppm) and a CH quarte t  {2.26 ppm) with JH--H = 5.3Hz, 
which is  cha rac te r i s t i c  for the CH~CH--~N f ragment  present  only in the s t ruc ture  V. Thus, s t ruc ture  VI is  excluded 
for this substance.  The complete agreement  of the physical  and spectra l  cha rac te r i s t i c s  of the acetaldehyde azine ob- 
tained by independent synthesis  f rom acetaldehyde and hydrazine with the substance of fract ion 2 conclusively showed 
the s t ruc ture  of V. 
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Fig. 2. Chromatogram of the product of 
the t r ans fo rmat ion  of propyl ideneamino-  
ethyleneimine:  III) propyl ideneaminoeth-  
y lene imine;  3) propionaldehyde azine. 

We have observed a s imi l a r  i somer iza t ion  in the homologs of II; thus,  for example it was found that, on storage,  
III is converted into the mixed (unsymmetr ica l )  acetaldehyde-propionaldehyde azine (ethylidenehydrazonopropane)(VII): 

I11 ~ H 3 C ~ C H ~ N - - N ~ C H C H 2 C H  3 
VII 

The i somer iza t ion  product can be isolated f rom the mixture  formed on the s torage of III by means  of p r e p a r a -  
tive gas chromatography (Fig. 2). The de te rmina t ion  of the s t ruc tu re  of this substance is  complicated by the fact that, 
according to the invest igat ions  of B. V. Ioffe, A. P. Kochetkov, et ale, mixed azines  readi ly undergo d ispropor t iona-  
tion to form a mix ture  of the symmet r i ca l  azines  and, converse ly ,  under  cer ta in  conditions an equimoleeular  mixture  
of symmet r i c a l  azines  forms the corresponding unsymmet r i ca l  azines  [7]. 

H3C--CH = N - - N =  CHCH2CH 3 

V I I  ~ IX 
H3C--CH = N - - H = C H - - C H ~  

VIII 

Thus, as can eas i ly  be seen,  it  is imposs ib le  to use only the resu l t s  of e l ementa ry  ana lys i s ,  IR spectra ,  and 
PMR spect ra  to es tabl ish  the presence  in the sys tem of VII or,  as the case  may be, VIII and IX. The presence  of only 
one peak in the chromatogram given by fract ion 3 does not show the presence  of only one product s ince,  according to 
the l i t e ra tu re ,  a mixture  of symmet r i ca l  az ines  is  converted into the mixed azine in the vapor phase at a t empera tu re  



of 40 ~ C [7]. Consequently,  to detect  vii, viii, and IX in fract ion 3 we had recourse  to developmental  chromatography 
on a lumina [7], s ince the values  for the product VII obtained by a different  method and also for VIII and IX have been 
de termined.  The chromatography of fract ion 3 ca r r i ed  out under  s imi la r  conditions gave Rf  0.53. The a lmost  complete 
agreement  of this f igure with that for VII (Rf 0.55) permit ted  the conclusion that the substance of which fract ion 3 con- 
s is ted possessed  the s t ruc ture  VII. 
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Fig. 3. Chromatogram of the products of 
the transformation of butylideneaminoeth- 
yleneimine: IV) butylideneaminoethylene- 

imine; 4) butyraldehyde azine. 

Compound IV i s o m e r i z e s  s imi l a r ly .  The isolat ion of fract ion 4 (Fig. 3) f rom the mixture  in the pure state by 
means  of p repara t ive  gas- l iquid  chromatography presented no problems.  According to the resu l t s  of e l ementa ry  analy-  
sis and a molecular -weight  de terminat ion ,  the composit ion of the substance in the fract ion corresponded to X. 

IV ~ H3C--CH~N--N=CHCH2CH2CH 3 
X 

As in the preceding cases ,  the IR spec t rum of fract ion 4 showed charac te r i s t i c  f requencies  for the HC~--N groups 
(1650 cm- l ) ,  CH 3 groups (1475 cm-1), and CH 2 groups (1460 em-1). 

H3C-- CH =N--N=CHCH 3 
X - - - - ~  Xl 

CH3(CH2)2CH= N--N = CH(CH~) 2CH3 
Xll 

Compound X has not been descr ibed  in the l i t e r a tu re  and i ts  Rf  value is  not given, but f rom a compar i son  with 
XII [7] it mus t  be assumed that the substance of fract ion 4 is  not a mixture  of XI and XII but is X. 

The developmental  chromatography of this f ract ion conf i rmed the p resence  of a s ingle  product and the absence 
of an equimolecular  mixture .  We have also invest igated the s t ruc ture  of the product of the react ion of I with the s imples t  
unsa tura ted  aldehyde, acrole in .  In ag reement  with informat ion in the l i t e ra tu re ,  the react ion of acro le in  with sal ts  of 
u n s y m m e t r i c a l  d imethyl-  and die thylhydrazines  fo rms  qua te rna ry -py razo l in ium sal ts  which undergo the amino -n i t r i l e  
r e a r r a n g e m e n t  under  the action of alkali  in the cold [8-12].  

By means  of gas- l iquid  chromatography,  we isolated f rom the mix ture  of products  f rom the react ion of I with 
aero le in ,  which polymer ized fa i r ly  rapidly,  an individual substance the yield of which was only 20-25%, calculated on 
the I (Fig. 4). The IR spec t rum of the substance isolated contained absorpt ion bands at 1670 and 1570 cm -1 cha rac -  
t e r i s t i c  for the > ~ C I - F - - C = N  conjugated sys tem while there  were no bands in the 2245-2247 cm -1 region cha rac t e r -  
is t ic  for the n i t r i l e  group and there were bands corresponding to an ethyleneimine r ing at 3010, 3080, 1220, and 824 
cm -1. This indicates  that the product of the react ion of I with acro le in  is  not f l -e thyleneiminopropioni t r i le  (XIV), the 
format ion of which could have been expected by analogy with previous work [8-12],  but N-a l ly l idene-N ' ,  N ' -e thy lene-  
hydrazine  (XV). 

HrC 
[ - t t ~ C - - C i l  ~ : I ~N--CH?Ctt2CT-N 

HX H2C\~//N ~ H2C/  XIV 

X l I I  H2CX XV 

This can apparent ly  be explained by the assumption that the pyrazol in ium salt  of e thyleneimine,  in contras t  to 
the pyrazol in ium s t ruc tu re s  of the unsymmet r i c a l  d ia lkylhydrazines ,  cannot,  b e c a u s e  of the low stabi l i ty  of t he imin ium 



ion of e thyleneimine,  change into compound XIV since if s t ruc ture  XIII were formed at al l ,  polymerizat ion should take 
place preferen t ia l ly  with the opening of the e thyleneimine r ing to form var ious  condensation products.  The main  prod- 

uct is XV. 
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Fig.  4. Chromatogram of the product of 
the react ion of N-aminoethyleneimine with 
acrole in :  XV) a l ly t ideneaminoethylene-  

imine.  

The p resence  of a conjugated bond for the unsa tura ted  hydrazone in the sys tem is also confirmed by the high 
value of the molecular  exaltation calculated f rom the appropria te  values  of the mola r  ref rac t ion  for XV. 

E X P E R I M E N T A L  

Ethyl ideneaminoethyleneimine (II). With s t i r r i ng  and cooling to 0 ~ C, 4.4 g (0.1 mole} of acetaldehyde was added 
to 5.8 g (0.1 mole) of I in 25 ml of ether .  The react ion was accompanied by a considerable  spontaneous r i se  in t em-  
pe ra tu re .  After the completion of the addition of the aldehyde, the mixture  was kept at room tempera tu re  for 2 hr and 
was dr ied  with sodium sulfate.  Its composi t ion was de termined by gas- l iquid  chromatography (see Fig. 1). The analys is  
was ca r r i ed  out on a " T s v e t - l "  Chromatograph using a thermal  conductivity detector .  Bp 87-88 ~ C, d~ ~ 0.8752, n ~  
1.4412. Found, %: C 56.87; H 10.01; N 33.02; MR 25.65. Calculated for C4H~N2,%: C 57.14; H 9.55; N 33.2; MR 

25.084. 

Propyl ideneaminoethylene imine  (III). This was obtained in a s imi la r  manner  to II f rom I and propionaldehyde. 
Bp 118-120 ~ C, d~ ~ 0.8759, n ~  1.4430. Found, %: C 60.7; H 10.56; N 29.0; MR 30.32. Calculated for CsH10N2, ~ :  

C 61.2; H 10.2; N 28.6; MR 29.759. 

Butyl ideneaminoethyleneimine (IV). This  was obtained in a s imi l a r  manner  to II f rom I and butyraldehyde.  
Bp 152-154 ~ C, d~ ~ 0.8764, n ~  1.4442. Found, %: C 64.0; H 11.0; N 24.47; MR 34.83. Calculated for CsH12N2, %: 

C 64.3; H 10.7; N 25.0; MR 34.48. 

N-Al ly l idene-N ' ,  N ' -e thylenehydraz ine  (XV). With vigorous s t i r r i ng  and cooling to - 10  ~ C, f resh ly -d i s t i l l ed  
acro le in  s tabi l ized with hydroquinone was added dropwise to a solution of 5.8 g (0.1 mole) of I in 30 ml  of absolute 
ethanol and 0.01 mole of butyric  acid. After the end of the react ion,  10 ml of 40% aqueous KOH was added. The prod-  
uct was salted out by the addition of solid KOH. The organic layer  was separated off in a separat ing funnel and dried 
with magnes ium sulfate for a day. The composit ion of the react ion mixture  was de te rmined  by means  of a ~Tsev t - l "  
gas chromatograph under conditions s imi la r  to those for the analys is  of I I - IV.  The isolat ion of the XV was exactly the 
same as that of products  I I - IV.  Bp 136-137 ~ C, d 2~ 0.9512, n~  1.5210. Found, %: C 60.01; H 9.11; N 30.05; MR30.12. 
Calculated for CsHsN2, %: C 6D.5; H 8.76; N 29.72; MR 29.254. 

Acetaldehyde azine (V). This was isolated in the pure state by prepara t ive  gas- l iquid  chromatography from a 
mix ture  with the product  II. Bp 92-93 ~ C, d 2~ 0.8356, n~  1.4404. Found, %: C 56.92; H 10.61; N 33.0; MR 26.51. 
Calculated for C4HsN2, %: C 57.14; H 9.55; N 33.2; MR 26.50. 

Ethylidenehydrazonopropane (VII). This  was isolated under  s imi la r  condit ions f rom a mixture  with product III. 
Bp 126-128 ~ C, d 2~ 0.8362, n~  1.4456. Found, %: C 61.0; H 9.75; N 29.2; MR 31.90. Calculated for CbH10N2, %: 



C 61.2; H 10.2; N29.6;  MR31.158. 

Ethylidenehydrazonobutane (X). T h i s  was isolated under  s imi l a r  conditions f rom a mixture  with product IV. Bp 
159-162 ~ C, d~ ~ 0.8376, n~  1.4482. Found, %: C 64.0; H 10.8; N 24.8; MR 34.82. Calculated for C6HI2N2, %: C 64.3; 
H 10.7; N 25.0; MR 34.90. 

Method of i sola t ing the compounds. The isolat ion of II, 2, III, 3, IV, 4, and XV from the react ion mixture  was 
ca r r i ed  out on a PLK-3 prepara t ive  chromatograph using an automatic fract ion col lector .  The s ta t ionary  phase was 
25% of E-301 on modified INZ-600, 0.5-0.25 mm fract ion.  The length of the column was 8 m and i ts  d iameter  18 ram. 
A flame ionization detector was used in a bypass with t raps .  The c a r r i e r  gas was ni t rogen.  V = 600 cm3/min;  t empera -  
ture  of the thermosta t  80 ~ C; t empera tu re  of the evaporator  120 ~ C. 

The identif icat ion of the substances  isolated in the prepara t ive  chromatograph was ca r r i ed  out on a " T s v e t - l "  
chromatograph using a ka tha romete r  as detector .  The s ta t ionary  phases used were 25% of E-301, 10% of PEG-1200, 
and 15% of polyethyleneimine M-1200 on Celi te-545; mixed columns were also used.  Tempera tu re  of the thermosta t  
80 ~ C; t empera tu re  of the evaporator  120 ~ C; I = 250 mA; c a r r i e r  gas helium, V = 46.6 cm3/min.  
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